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A B S T R A C T   

Ethnopharmacological relevance: Traditional Chinese medicine (TCM) has a long history in the prevention and 
treatment of pandemics. The TCM formula Lung Cleansing and Detoxifying Decoction (LCDD), also known as 
Qing Fei Pai Du Decoction, has been demonstrated effective against Coronavirus Disease 2019 (COVID-19). 
Aim of the study: This work aimed to elucidate the active ingredients, targets and pathway mechanism of LCDD 
related to suppression of inflammatory, immunity regulation and relaxation of airway smooth muscle for the 
treatment of COVID-19. 
Materials and methods: Mining chemical ingredients reported in LCDD, 144 compounds covering all herbs were 
selected and screened against inflammatory-, immunity- and respiratory-related GPCRs including GPR35, H1, 
CB2, B2, M3 and β2-adrenoceptor receptor using a label-free integrative pharmacology method. Further, all 
active compounds were detected using liquid chromatography-tandem mass spectrometry, and an herb- 
compound-target network based on potency and content of compounds was constructed to elucidate the 
multi-target and synergistic effect. 
Results: Thirteen compounds were identified as GPR35 agonists, including licochalcone B, isoliquiritigenin, etc. 
Licochalcone B, isoliquiritigenin and alisol A exhibited bradykinin receptor B2 antagonism activities. Atractyline 
and shogaol showed as a cannabinoid receptor CB2 agonist and a histamine receptor H1 antagonist, respectively. 
Tectorigenin and aristofone acted as muscarinic receptor M3 antagonists, while synephrine, ephedrine and 
pseudoephedrine were β2-adrenoceptor agonists. Pathway deconvolution assays suggested activation of GPR35 
triggered PI3K, MEK, JNK pathways and EGFR transactivation, and the activation of β2-adrenoceptor mediated 
MEK and Ca2+. The herb-compound-target network analysis found that some compounds such as licochalcone B 
acted on multiple targets, and multiple components interacted with the same target such as GPR35, reflecting the 
synergistic mechanism of Chinese medicine. At the same time, some low-abundance compounds displayed high 
target activity, meaning its important role in LCDD for anti-COVID-19. 
Conclusions: This study elucidates the active ingredients, targets and pathways of LCDD. This is useful for 
elucidating multitarget synergistic action for its clinical therapeutic efficacy.   
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1. Introduction 

Traditional Chinese medicine (TCM) has been used in the prevention 
and treatment of pandemics for thousands of years. A lot of clinical 
experiences and effective prescriptions have been accumulated. The 
severe acute respiratory syndrome named Coronavirus Disease 2019 

(COVID-19) has caused widespread infection across China and around 
the world since the end of 2019. In the process of fighting COVID-19, a 
lot of Chinese herbal preparations represented by Lung Cleansing and 
Detoxifying Decoction (LCDD) have been widely used in clinical practice 
and have shown good efficacy (Gao et al., 2020; Liu et al., 2020b; Wang 
et al., 2020). LCDD, also named Qing Fei Pai Du Decoction, has been 
widely used for the treatment of exogenous fever since 200 CE in China. 
It is an optimized combination of 4 classic TCM recipes, including 
Maxing Shigan Decoction, Wuling Powder, Xiaochaihu Decoction and 
Shegan Mahuang Decoction. The whole formula included 20 herbs and 1 
mineral (Table 1). Maxing Shigan Decoction has been used to treat ep
idemics caused by viruses, such as H1N1 influenza (Wang et al., 2011) 
and RSV pneumonia (Jiang et al., 2015). The extracts of Glycyrrhiza 
uralensis Fisch. (Glycyrrhizae Radix) have beneficial effects in antiviral 
activities, such as human immunodeficiency virus (HIV), herpes simplex 
virus (HSV), SARS-CoV and etc (Yang et al., 2015). The extracts of 
Ephedra sinica Stapf (Ephedrae Herba) has inhibition effect on H1N1 
virus (Abourashed et al., 2003). Although the components of LCDD have 
been shown to play a role in a variety of viral diseases, the targets, active 
ingredients and pathway mechanism for treatment of COVID-19 remain 
unknown. 

Computational methods have been adopted to predict drug-target 
interactions of LCDD. Using the network pharmacology method, it was 
found that LCDD balanced immunity and eliminated inflammation by 
regulating several proteins co-expressed with angiotensin-converting 
enzyme 2 (ACE2) and signaling pathways strongly linked to the devel
opment of COVID-19 (Zhao, J. et al., 2020). Using the similar methods, 
other studies have shown that LCDD protected against COVID-19 via 
regulating anti-inflammatory, antiviral activity and cytokine storms 
level (Chen et al., 2020; Yang et al., 2020). Several key compounds 
(baicalin, glycyrrhizic acid, hesperidin, and hyperoside) and key targets 
(AKT1, TNF-α, IL-6, PTGS2, HMOX1, IL-10, and TP53) has been pre
dicted (Zhao, Jing et al., 2020). However, the targets of LCDD for 
treatment of COVID-19 are mostly based on assumptions. Experiment 
based identification of the target of the main ingredient is crucial to 
elucidate its actual therapeutic mechanism. 

The COVID-19 patients showed mild or acute respiratory syndrome 
accompanied by release of pro-inflammatory cytokines (Conti et al., 
2020). Besides, cytokine storm is associated with clinical deterioration 
of COVID-19 (Huang, C. et al., 2020). Therefore, suppression of in
flammatory, immunity regulation and relaxation of airway smooth 
muscle may have therapeutic effect on COVID-19. G protein-coupled 
receptors (GPCRs) are targets of approximately 33 % of the marketed 
human medicine, and play an important role in regulating physiological 
functions, such as immunity regulation, anti-inflammatory effects and 
respiratory regulation (Santos et al., 2017). Thus, LCDD may target a 
panel of GPCRs for treatment of COVID-19. The orphan GPCR GPR35 is 
expressed by human immune cells and its agonists play an important 
role in immunity regulation and anti-inflammatory activity (Quon et al., 
2020). The antagonists of histamine 1 receptor (H1) are effective in 
suppressing inflammation (Qu et al., 2021). Cannabinoid receptor 2 
(CB2) is highly expressed in multiple immune cells and its agonists show 
potency for the treatment of inflammatory and immune regulation 
(Tang et al., 2021). Bradykinin receptor 2 (B2) antagonists prevent in
flammatory responses (Terzuoli et al., 2014). The muscarinic receptor 3 
(M3) and β2-adrenoceptor are also involved in immunomodulatory and 
inflammation (Kistemaker et al., 2015; Kolmus et al., 2015). Moreover, 
these two receptors also play a critical role in respiratory disease, such as 
asthma and chronic obstructive pulmonary disease (COPD) (Patel et al., 
2017; Pera and Penn, 2014). Therefore, targeting these two receptors 
would benefit COVID-19 patients with breathing difficulties. 

In this study, we hypothesized that the active components of LCDD 
may function through targeting GPR35, H1, CB2, B2, M3 and β2-adre
noceptor due to their critical roles in immunomodulatory, anti- 
inflammation and respiratory disease. These effects are highly consis
tent with the symptoms of COVID-19. We used a label-free integrative 

Table 1 
Information for lung cleansing and detoxifying decoction (LCDD).  

NO. Names Uses 

1 Ephedra sinica Stapf (English: 
Ephedrae Herba, Chinese: Ma 
Huang) 

Coughs, bronchial, asthma, fever, 
inhibition of H1N1 virus (Abourashed 
et al., 2003) 

2 Glycyrrhiza uralensis Fisch. (English: 
Glycyrrhizae Radix, Chinese: Zhi 
Gan Cao) 

Antiviral (HIV, SARS-CoV, etc.), 
antimicrobial, anti-inflammatory, and 
immunoregulatory activities (Yang 
et al., 2015) 

3 Prunus armeniaca L. (English: 
Armeniacae Semen, Chinese: Xing 
Ren) 

Pain and inflammatory diseases, 
reduce fever, relieve cough and 
quench thirst.(Jung et al., 2008) 

4 Gypsum fibrosum (Chinese: Sheng 
Shi Gao) 

/ 

5 Cinnamomum cassia (L.) J.Presl 
(English: Cinnamomi Ramulus, 
Chinese: Gui Zhi) 

Antibacterial, anti-inflammatory, 
antiviral, antitumour, antipyretic and 
analgesic (Liu, J. et al., 2020) 

6 Alisma plantago-aquatica L. 
(English: Alismatis Rhizoma, 
Chinese: Ze Xie) 

Anti-inflammatory and 
cardiovascular regulatory (Fong et al., 
2007) 

7 Polyporus umbellatus(Pers.) Fries 
(English: Polyporus, Chinese: Zhu 
Ling) 

Treating edema, promoting diuretic 
processes, immune system 
enhancement and antimicrobial 
activities (Bandara et al., 2015) 

8 Atractylodes lancea (Thunb.) DC. 
(English: Atractylodis 
macrocephalae Rhizoma, Chinese: 
Bai Zhu) 

Immune and anti-inflammatory 
activity (Ruqiao et al., 2020) 

9 Poria cocos (Schw.) Wolf (English: 
Poria, Chinese: Fu Ling) 

Anti-inflammatory, antioxidant, and 
antiviral activities (Huang, Y.J. et al., 
2020) 

10 Bupleurum chinense DC. (English: 
Bupleuri Radix, Chinese: Chai Hu) 

Evacuating fever and pyretolysis, 
soothing liver and relieving 
depression and lifting the spirit (Yang 
et al., 2017) 

11 Scutellaria baicalensis Georgi 
(English: Scutellariae Radix, 
Chinese: Huang Qin) 

Antipyretic, hemostatic, virus-related 
diseases (Ming et al., 2007) 

12 Pinellia ternata (Thunb.) Makino 
(English: Pinellinae Rhizoma 
Praeparatum, Chinese: Jiang Ban 
Xia) 

Treatment of insomnia (Lin et al., 
2019) 

13 Zingiber officinale Roscoe (English: 
Zingiberis Rhizoma recens, 
Chinese: Sheng Jiang) 

Anti-inflammatory (Liao, 2015) 

14 Aster tataricus L.f. (English: Asteris 
Radix, Chinese: Zi Wan) 

Anti-expectorant, antitussive and 
anti-inflammatory (Rho et al., 2020) 

15 Tussilago farfara L. (English: 
Farfarae Flos, Chinese: Kuan Dong 
Hua) 

Treating cough, tuberculosis, asthma 
and obstructive lung diseases (Liu, C. 
et al., 2020) 

16 Belamcanda chinensis (L.) DC. 
(English: Belamcandae Rhizoma, 
Chinese: She Gan) 

Healing respiratory diseases, anti- 
mutagenic, and anti-inflammatory ( 
Wozniak and Matkowski, 2015) 

17 Asarum sieboldii Miq. (English: 
Asari Radix et Rhizoma, Chinese: Xi 
Xin) 

Dispel wind, dissipate cold, and 
relieve pain (Liu, G.X. et al., 2020) 

18 Dioscorea japonica Thunb. (English: 
Dioscoreae Rhizoma, Chinese: Shan 
Yao) 

Treatment of inflammatory diseases, 
such as asthma, rheumatoid arthritis 
and bronchitis (Chiu et al., 2013) 

19 Citrus × aurantium L. (English: 
Aurantii Fructus immaturus, 
Chinese: Zhi Shi) 

Anti-ulcer, anti-inflammatory and 
antioxidant (Tan et al., 2017) 

20 Citrus × aurantium L. (English: Citri 
reticulatae Pericarpium, Chinese: 
Chen Pi) 

Coughs, anti-inflammatory and 
antioxidant (Yu et al., 2018) 

21 Pogostemon cablin (Blanco) Benth. 
(English: Pogostemonis Herba, 
Chinese: Huo Xiang) 

Treatment of common cold, nausea, 
diarrhea, headaches and fever (Li 
et al., 2011)  
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pharmacology method to identify active ingredients, targets and path
ways of LCDD. This method uses label-free resonant waveguide grating 
biosensors to convert drug-induced dynamic redistribution of cellular 
constituents into an integrated and kinetic response, called the dynamic 
mass redistribution (DMR) (Schroder et al., 2011). The DMR is recorded 
as a shift in resonant wavelength and represents a cellular phenotypic 
response which covers a wide range of targets/pathways. (Grundmann 
and Kostenis, 2015; Ye, 2006). This assay has been extensively applied 
in target identification of multiple TCMs (Wang et al., 2019; Zhang et al., 
2014). Herb-compound-target network was also built based on experi
mental data to elucidate therapeutic mechanism of LCDD. This study is 
useful for elucidating multitarget synergistic action of LCDD, and pro
vides a theoretical foundation for global application in anti-COVID-19. 

2. Materials and methods 

2.1. Materials 

Natural compounds listed in Table S1 were purchased from Shanghai 
Yuanye Bio-technology (Shanghai, China), Shanghai Sidend Technical 
Service (Shanghai, China), National Institutes for Food and Drug Control 
(Beijing, China), Chengdu Profa Technology Development (Chengdu, 
China) and Chengdu Push Bio-technology (Chengdu, China). Zaprinast, 
epinephrine, histamine, bradykinin, CP55940 and acetylcholine were 
obtained from Sigma-Aldrich (St. Louis, MO, USA). Carbachol was ob
tained from Tocris Bioscience Co. (St. Louis, MO, USA). Hank’s balanced 
salt solution (HBSS), HEPES, fetal bovine serum (FBS) were from 
Thermo Fisher Scientific (Waltham, MA). Ham’s F12K medium, Dul
becco’s modified Eagle’s medium (DMEM) and McCoy’s 5A medium 
were bought from Sigma-Aldrich (St Louis, MO, USA). HPLC grade 
acetonitrile and methanol were purchased from Merck (Darmstadt, 
Germany). Water was purified from a MilliQ water system (Billerica, 
MA, USA). Formic acid was obtained from J&K Scientific (Beijing, 
China). All natural compounds were prepared in 100 mM and were 
dissolved in 100 % dimethyl sulfoxide (DMSO) and diluted with the 
assay buffer (1 × Hank’s balanced salt solution (HBSS) buffer, 10 mM 
HEPES, pH 7.4) to the desired concentrations before DMR assays. 

2.2. Cell culture 

Human colorectal adenocarcinoma HT-29 cells, human epidermoid 
carcinoma A431 cells and human lung carcinoma A549 cells were ob
tained from the Type Culture Collection of the Chinese Academy of 
Science (Shanghai, China). HEK293-M3 cells and CHO-CB2 cells were 
stably transfected as previously reported (Zhou, H. et al., 2020). The cell 
culture medium was used as follows: 1) McCoy’s 5A supplemented with 
10 % FBS for HT-29 cells; 2) DMEM supplemented with 10 % FBS for 
A431, A549 and HEK293-M3 cells; 3) Ham’s F12K medium supple
mented with 10 % FBS for CHO-CB2 cells. 

2.3. DMR assays 

All DMR assays were performed using an Epic® BT system (Corning, 
NY, USA). HT-29 cells (32,000 cells per well), HEK293-M3 cells (25,000 
cells per well), A431 cells (25,000 cells per well), A549 cells (20,000 
cells per well) and CHO-CB2 cells (15,000 cells per well) were seeded in 
Epic 384-well biosensor microplates for ~ 20 h, respectively, and cells 
formed a monolayer on the bottom of the well in the culture medium 
with a confluence of ~95 %. Then they were directly washed with the 
assay buffer and maintained in 30 μL assay buffer for 1 h for DMR assay 
except A431 cells. The A431 cells were further incubated in the serum- 
free medium for 24 h. After starvation, the cells were conducted similar 
treatment for DMR assay. 

To screen natural compounds against GPR35, H1, CB2, B2, M3 and 
β2-adrenoceptor receptor in these five cell lines, a 2-min baseline was 
first established, followed by compound addition and DMR recording for 

1 h. A 2-min baseline was then re-established, followed by adding zap
rinast (2 μM, in HT-29 cells), carbachol (200 nM, in HEK293-M3 cells), 
epinephrine (5 nM, in A431 cells), histamine (10 μM, in A431 cells), 
bradykinin (500 nM, in A549 cells) and CP55940 (1 μM, in CHO-CB2) 
and recording DMR signals for 1 h. 

For pathway deconvolution assays, HT-29 cells and A431 cells were 
initially treated with pathway modulators or control for 1 h. Afterwards, 
the baseline was re-established, followed by adding licochalcone B and 
ephedrine at a fixed concentration and monitoring the cellular responses 
induced by the compounds for 1 h. 

2.4. Preparation of LCDD sample, standard solution and calibration tests 

The powder sample of LCDD (20.15 mg)-gypsum fibrosum (15 g) was 
dissolved in 1 mL water, followed by filtration through a 0.22-μm 
membrane. Stock solutions of the reference compounds were prepared 
in proper solvent separately at the concentration of about 0.2 mg/mL. 
After analysis of stock solution (injection volume 0.2 μL), the EIC peak 
area was used to calculate the approximate concentration of each 
compound in LCDD. Then the single reference substance stock solution 
was diluted to the approximate concentration and reanalyzed along with 
LCDD (injection volume 2 μL), using EIC peak area to calculate the exact 
concentration of each compound in LCDD. The sample dissolution and 
dilution process and the quantitative peak area were shown in Table S2. 

Experiments were performed on an Agilent UPLC 1290 system 
coupled with a high resolution quadrupole time-of-flight MS/MS 6545 
system (Agilent Technologies, Santa, Clara, CA, USA), which equipped 
with a JetStream technology ESI interface. For chromatographic anal
ysis, an Acquity UPLC® BEH Shield RP18 column (100 mm × 2.1 mm, 
1.7 μm, Waters, Milford, MA, USA) was used. Mobile phase A was water 
containing 0.1 % (v/v) formic acid. Mobile phase B was acetonitrile. The 
linear gradient elution program was optimized as follows: 0–2 min, 100 
% mobile phase A, 2–7 min, 100%–70 % mobile phase A, 7–10.5 min, 
70%–40 % A, 10.5–11.5 min, 40%–10 % A, 11.5–15 min, 10 % A. The 
flow rate was 0.4 mL/min. The column temperature was maintained at 
30 ◦C. The injection volume was 2 μL. Mass detection was operated both 
in negative and positive mode. The source parameters were as follows: 
gas temperature 320 ◦C, drying gas flow rate 8 L/min, nebulizer pressure 
35 psi, sheath gas temperature 350 ◦C, sheath gas flow rate 11 L/min, 
nozzle voltage (Expt) 1000 V, fragmentor voltage 135 V, skimmer 
voltage 65 V, collision energy 20 eV, capillary voltage 4000 V in positive 
mode and 3500 V in negative mode. The scan range was m/z 100–1500 
for the MS scan and m/z 50–1000 for the MS/MS scan. 

2.5. Networking of LCDD related to COVID-19 

The recommended prescription of each herb in LCDD was collected 
from Diagnosis and Treatment Protocol for Novel Coronavirus Pneu
monia (Trial Version 7). The content and potency value of active com
pounds were from HPLC-MS/MS and DMR assays, respectively. The herb 
attribution information corresponding to the active compounds came 
from the database and literatures. Import the relationship between 
herbs, active compounds, and targets into the Cytoscape 3.8.0, then an 
herb-compound-target network for LCDD was established. 

2.6. Data analysis 

All DMR data were acquired by EpicImager 1.20S (Corning, NY, 
USA) and processed by Epic Filtration v3.9.5 (Corning, NY, USA), 
Microsoft Excel 2010, and GraphPad Prism 6.02 (GraphPad Software 
Inc., San Diego, CA, USA). DMR signals were background corrected; 
EC50 and IC50 values were calculated by fitting the concentrations-DMR 
response curves with nonlinear regression. 

F. Xu et al.                                                                                                                                                                                                                                       
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3. Results 

3.1. Label-free cell phenotypic profiling of 144 compounds of LCDD 

Based on chemical components in herbs of LCDD reported in litera
ture (Zhou, Y.Y. et al., 2020), we first chose 144 compounds available in 
our natural product library or market. The selected compounds and their 
corresponding herb information were shown in Table S1. These com
pounds were profiled against five cell lines, including HT-29 cells 
(endogenously express GPR35 receptor) (Deng et al., 2011), 
HEK293-M3 cells, A431 cells (endogenously express β2-adrenoceptor 
and H1 receptor) (Tran and Ye, 2008), A549 cells (endogenously express 
B2 receptor) (Izumi et al., 2018) and CHO-CB2 cells. The DMR arising 
from the stimulation of a specific cell line with each compound was 
obtained individually to determine its agonist or antagonist activity. The 
DMR responses of each compound were then converted into a similarity 
analysis (Fig. 1). According to the physiological role of these receptors, 
GPR35/CB2/β2 agonists or M3/H1/B2 antagonists are effective com
ponents for anti-COVID-19. In profiling, the compound is considered as 
an agonist if it induces significant DMR signal and blocks the receptor 
probe-induced DMR signal. While it is an antagonist if it does not induce 
obvious DMR responses and reduces the receptor probe-induced DMR 
signal. Herein, the agonist probe of GPR35, CB2, β2, M3, H1 and B2 was 
zaprinast, CP55940, epinephrine, carbachol, histamine and bradykinin, 
respectively. 

As shown in Fig. 1, compounds led to remarkable DMR signal and 
attenuated zaprinast-induced DMR signal in HT-29 cells, including 
LCDD-93 (licochalcone B), LCDD-41 (tectorigenin), LCDD-68 (taxifolin), 
LCDD-74 (caffeic acid), LCDD-37 (gallic acid), LCDD-79 (isochlorogenic 
acid C), LCDD-65 (kynurenic acid), LCDD-123 (luteolin), LCDD-88 
(isoliquiritigenin), LCDD-117 (baicalin), LCDD-118 (baicalein), LCDD- 
124 (scutellarin) and LCDD-80 (quercetin). The results suggested that 
these 13 compounds were potential GPR35 agonists. For CHO-CB2 cells, 
LCDD-15 (atractyline) and LCDD-110 (alisol A 24-acetate) displayed the 
similar characteristics, meaning that they had agonistic activity on CB2. 
In addition, LCDD-75 (ephedrine), LCDD-76 (pseudoephedrine) and 
LCDD-56 (synephrine) were possible β2-adrenoceptor agonists. LCDD- 
41 (tectorigenin), LCDD-12 (alismoxide), LCDD-55 (nomilin), LCDD- 
67 (herbacetin) and LCDD-114 (aristofone) resulted in negligible DMR 
signal and blocked the DMR signal induced by carbachol, indicating that 
these five compounds were M3 receptor antagonists. The similar 
behavior was observed with LCDD-125 (shogaol) for H1 receptor in 
A431 cells, and LCDD-93 (licochalcone B), LCDD-108 (alisol A) and 
LCDD-88 (isoliquiritigenin) for B2 receptor in A549 cells. Due to 
different patterns of active compounds detected in each receptor, the 
holistic view of representative active compounds for six receptors was 
shown in Fig. 2. Take licochalcone B as an example, it induced a positive 
DMR response in HT-29 cells (Fig. 2A), and the response of zaprinast was 
totally inhibited after cells were pretreated with licochalcone B 
(Fig. 2B). These results suggested that licochalcone B was a GPR35 
agonist. Together, 24 potential active compounds were discovered from 

(caption on next column) 

Fig. 1. Label-free cell phenotypic heat map of 144 compounds in five cell lines 
including HT-29, CHO-CB2, A431, HEK293-M3 and A549 cells. This heat map 
was obtained using similarity analysis of the DMR signals of the compounds in 
these cell lines, and the DMR of the GPR35 agonist zaprinast at 2 μM in HT-29, 
the CB2 agonist CP55940 at 1 μM in CHO-CB2, the β2-adrenoceptor agonist 
epinephrine at 5 nM in A431, the M3 agonist carbachol at 200 nM in HEK293- 
M3, the H1 agonist histamine at 10 μM in A431 and the B2 agonist bradykinin 
at 500 nM in A549 after the pretreatment with compounds. For each compound 
profile, the real amplitudes at 1, 5 and 60 min after compounds treatment were 
used and color-coded as follows: red, positive; black, zero; green, negative. Each 
compound was assayed at 100 μM. All data represent mean ± s.d. from two 
independent measurements, each in duplicate (n = 4). (For interpretation of the 
references to color in this figure legend, the reader is referred to the Web 
version of this article.) 
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LCDD, suggesting that they were probably effective components in the 
treatment of COVID-19. 

3.2. Validation of activities of potential compounds on six targets 

Since the experiment in Section 3.1 was conducted using a single 
concentration, further multi-concentration experiments were required 
to confirm the activity of the candidate compounds, so as to determine if 
their activity were concentration dependent. Compounds that showed 
activity in the general screening assay (section 3.1) and caused DMR 
responses in a concentration-dependent manner would be determined to 
be agonistic or antagonistic compounds. We next evaluated the potency 
of 24 potential compounds on six targets. Follow-up multiple concen
tration tests, it was shown that licochalcone B, tectorigenin, taxifolin, 
isochlorogenic acid C, isoliquiritigenin, baicalin and scutellarin stimu
lated concentration-dependent response on HT-29 cells (Fig. 3A and 
Table 2). The real-time multiple concentration DMR response of lico
chalcone B on HT-29 cells was shown in Fig. 4A. In addition, caffeic acid 
(Deng and Fang, 2012), gallic acid (Deng and Fang, 2012), baicalein 
(Deng et al., 2012b), luteolin (Deng et al., 2012b), quercetin (Deng et al., 
2012b) and kynurenic acid (Deng et al., 2012a) were reported GPR35 
agonist, and their activities were also measured by DMR assay in liter
atures (Table 2). These results demonstrated that all potential com
pounds were GPR35 agonists. It is worth mentioning that licochalcone B, 
tectorigenin, isochlorogenic acid C and isoliquiritigenin were novel 
GPR35 agonist. For CHO-CB2 cells, only atractyline led to a 

concentration-dependent DMR agonism response, suggesting that it was 
a CB2 agonist (Fig. 3B and Table 2). The real-time multiple concentra
tion DMR response of atractyline was shown in Fig. 4B. Shogaol 
concentration-dependently inhibited the response of histamine in A431 
cells, suggesting that it was a H1 antagonist (Fig. 3C and Table 2). The 
real-time multiple concentration DMR response of histamine after A431 
cells were pretreated with shogaol was shown in Fig. 4C. For B2 receptor 
in A549 cells, licochalcone B, alisol A and isoliquiritigenin also blocked 
bradykinin-induced response in a concentration-dependent manner, 
suggesting that these three compounds were B2 antagonists (Fig. 3D and 
Table 2). The real-time multiple concentration DMR response of bra
dykinin after cells were pretreated with alisol A was shown in Fig. 4D. 

For β2-adrenoceptor in A431 cells, ephedrine, pseudoephedrine and 
synephrine all triggered concentration-dependent DMR response 
(Fig. 3E and Table 2), suggesting that these compounds were β2-adre
noceptor agonists. Although ephedrine, pseudoephedrine and synephr
ine were not the first reported β2-adrenoceptor agonists, their activities 
were further confirmed using DMR assay. The real-time multiple con
centration DMR response of ephedrine was displayed in Fig. 4E. For M3 
potential antagonists, only tectorigenin and aristofone showed 
concentration-dependent inhibition effects on acetylcholine-induced 
DMR signal, suggesting that these two compounds were M3 antago
nists (Fig. 3F and Table 2). Importantly, tectorigenin and aristofone 
were new M3 antagonists. The real-time multiple concentration DMR 
response of acetylcholine after HEK293-M3 cells were pretreated with 
aristofone was shown in Fig. 4F. After validation, 20 compounds were 

Fig. 2. Characteristic real-time DMR response. (A) Real-time DMR response of 100 μM licochalcone B and control in HT-29 cells. (B) Real-time DMR response of 2 μM 
zaprinast after HT-29 cells pretreated with 100 μM licochalcone B and control for 1 h. (C) Real-time DMR response of 100 μM atractyline and control in CHO-CB2 
cells. (D) Real-time DMR response of 1 μM CP55940 after CHO-CB2 cells pretreated with 100 μM atractyline and control for 1 h. (E) Real-time DMR response of 100 
μM ephedrine and control in A431 cells. (F) Real-time DMR response of 5 nM epinephrine after A431 cells pretreated with 100 μM ephedrine and control for 1 h. (G) 
Real-time DMR response of 100 μM tectorigenin and control in HEK293-M3 cells. (H) Real-time DMR response of 200 nM carbachol after HEK293-M3 cells pretreated 
with 100 μM tectorigenin and control for 1 h. (I) Real-time DMR response of 100 μM shogaol and control in A431 cells. (J) Real-time DMR response of 10 μM 
histamine after A431 cells pretreated with 100 μM shogaol and control for 1 h. (K) Real-time DMR response of 100 μM alisol A and control in A549 cells. (L) Real-time 
DMR response of 500 nM bradykinin after A549 cells pretreated with 100 μM alisol A and control for 1 h. All data represent mean ± s.d. from two independent 
measurements, each in duplicate (n = 4). 
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identified as the active components, which had agonistic or antagonistic 
activities on target in a concentration-dependent manner. 

3.3. Pathway deconvolution of licochalcone B in HT-29 cells and 
ephedrine in A431 cells 

Among all active compounds, the signaling pathways of agonists 
were deconvoluted. Licochalcone B and ephedrine with the potency 
lower than 50 μM were selected as representative agonists for exploring 
signaling pathways of GPR35 in HT-29 cells and β2-adrenoceptor in 
A431 cells, respectively. DMR pathway deconvolution assays were used 
to examine the effects of the pretreatment of cells with different pathway 
modulators on DMR response induced by licochalcone B or ephedrine. 

For the DMR response of licochalcone B in HT-29 cells, results 
showed that the phospholipase C (PLC) inhibitor U73122 and Ca2+

ATPase inhibitor thapsigargin slightly inhibited its signals (Fig. 5A), 
indicating that Gq-PLC-Ca2+ only played a small role in the DMR signal 
induced by licochalcone B. The PI3K inhibitor LY294002, JNK inhibitor 
SP600125, EGFR inhibitor AG-490 and MEK inhibitor PD98059 
partially inhibited the DMR of licochalcone B. In contrast, the p38 MAPK 
inhibitor FHPI almost had no effect on the DMR of licochalcone B. Taken 
together, these results suggested that the activation of licochalcone B on 
GPR35 primarily triggered PI3K, JNK, MEK pathway, and EGFR 
transactivation. 

For the DMR response of ephedrine in A431 cells, results showed that 
U73122 had no effect on inhibiting DMR response of ephedrine 
(Fig. 5B), indicating that PLC was not involved in the DMR signal 
induced by ephedrine. However, thapsigargin partially reduced the 
DMR signal, indicating that Ca2+ involved in the DMR signal induced by 

ephedrine. LY294002 had no suppression of DMR signal of ephedrine. 
Similar results were observed for AG-490. FHPI and SP600125 slightly 
inhibited the signals of ephedrine. In contrast, PD98059 had almost 50 
% inhibition of effect on the DMR. Therefore, these results suggested 
that the activation of ephedrine on β2-adrenoceptor primarily mediated 
MEK and Ca2+ pathways. 

3.4. Herb-compound-target-effect network for COVID-19 

The content and potency value of active compounds as well as rec
ommended prescription mass of each herb were considered in the con
struction of the network. To determine the content of active compounds, 
a HPLC-MS/MS method was established for the quantification of active 
compound in the LCDD samples (Fig. 6). The detailed quantitative 
process was shown in method section and Table S2. The quantitative 
results of each active compound were displayed in Table 2. A total of 17 
active compounds were detected, while atractyline, shogaol and aris
tofone were not detected. Among these detected active compounds, the 
abundance of baicalin, ephedrine, pseudoephedrine, isochlorogenic acid 
C, scutellarin and synephrine was relatively high. 

After determining the content of the active compounds, we con
structed an herb-compound-target network (Fig. 7). We used the size of 
the rectangle to distinguish the proportion of herbs and the content of 
compounds in LCDD. Although Bupleuri Radix accounted for a large 
proportion of LCDD, we found that it contained few active compounds 
targeting these six GPCRs, and only baicalin and quercetin were GPR35 
agonists. Ephedrae Herba occupied a medium proportion in LCDD, but 
we could see that there were 5 edges connecting to active compounds, 
which is the most among these herbs, suggesting that Ephedrae Herba is 

Fig. 3. Characterization of potential compounds on six targets. (A) The DMR amplitudes of licochalcone B, tectorigenin, taxifolin, isochlorogenic acid C, iso
liquiritigenin, baicalin and scutellarin as a function of their concentrations in HT-29 cells. (B) The DMR amplitudes of atractyline as a function of its concentrations in 
CHO-CB2 cells. (C) The DMR amplitudes of histamine after A431 cells were pretreated with different concentrations of shogaol. (D) The DMR amplitudes of bra
dykinin after A549 cells were pretreated with different concentrations of licochalcone B, alisol A and isoliquiritigenin, respectively. (E) The DMR amplitudes of 
ephedrine, pseudoephedrine and synephrine as a function of their concentrations in A431 cells. (F) The DMR amplitudes of acetylcholine after HEK293-M3 cells were 
pretreated with different concentrations of tectorigenin and aristofone, respectively. All data represent mean ± s.d. from two independent measurements, each in 
triplicate (n = 6). 
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very important in the treatment of COVID-19. Additionally, Scutellariae 
Radix, Farfarae Flos and Glycyrrhizae Radix may also play a critical role 
in the treatment of COVID-19, because there were also many edges 
connecting active compounds. We used the color of the edge between 
the active compound and the target to distinguish the agonistic (green) 
and antagonistic (red) activities and the thickness of the edge to repre
sent the potency of the activity. We found that the content of ephedrine 
and pseudoephedrine both from Ephedrae Herba was relatively high, 
and their β2-adrenoceptor agonistic activity was also strong as indicated 
by the size of the rectangle and thickness of the edge, which further 
confirmed the important role of Ephedrae Herba. Moreover, there were 
two edges of licochalcone B, isoliquiritigenin and tectorigeniniso con
necting to targets, meaning that these compounds act on multiple tar
gets. At the same time, there are multi-edges of compounds converging 
to a target, suggesting that multiple components interact with the same 
target such as GPR35, reflecting the synergistic mechanism of Chinese 
medicine. Although some compounds are very low in content in LCDD, 
such as licochalcone B, gallic acid, synephrine and luteolin, they may 
also play an important role because of their high target activity. 

The SARS-CoV-2 infection inducing airway hyperresponsiveness 
raised the possibility the dyspnoea and respiratory failure in severe 
COVID-19 patients. Therefore, regulating respiration during the disease 
process was the crucial intervention in treating COVID-19. M3 antago
nists and β2-adrenoceptor agonists could inhibit bronchoconstriction, 
targeting these two receptors would benefit COVID-19 patients with 
breathing difficulties (Bornstein et al., 2021; De Virgiliis and Di Gio
vanni, 2020). We enriched the results of the respiratory disease related 
nodes (Fig. 8). As a result, we found that six herbs played a role in 
respiratory regulation, including Citri reticulatae Pericarpium, Atrac
tylodis macrocephalae Rhizoma, Asari Radix et Rhizoma, Ephedrae 
Herba, Aurantii Fructus immaturus and Belamcandae Rhizoma. The 

Table 2 
Potency value and content of active compounds.  

NO. Compound Target EC50/ 
IC50 

(μM) 

Agonist/ 
antagonist 

Content 
μg/mg 

1 licochalcone B GPR35 25.12 agonist 0.000822 
2 tectorigenin GPR35 >200 agonist 0.004408 
3 taxifolin GPR35 >200 agonist 0.000486 
4 isochlorogenic 

acid C 
GPR35 114.30 agonist 0.183710 

5 isoliquiritigenin GPR35 >200 agonist 0.000073 
6 baicalin GPR35 >200 agonist 2.571457 
7 scutellarin GPR35 86.26 agonist 0.171974 
8 caffeic acid GPR35 290 a agonist 0.0344684 
9 gallic acid GPR35 1.16 a agonist 0.008892 
10 baicalein GPR35 10.3 a agonist 0.003157 
11 luteolin GPR35 7.24 a agonist 0.001091 
12 quercetin GPR35 8.02 a agonist 0.003465 
13 kynurenic acid GPR35 152 a agonist 0.008850 
14 atractyline CB2 65.23 agonist undetected 
15 shogaol H1 >200 antagonist undetected 
1 licochalcone B B2 139.70 antagonist 0.000822 
16 alisol A B2 >200 antagonist 0.001993 
5 isoliquiritigenin B2 >200 antagonist 0.000073 
17 ephedrine β2- 

adrenoceptor 
0.49 agonist 1.391095 

18 pseudoephedrine β2- 
adrenoceptor 

9.00 agonist 0.823086 

19 synephrine β2- 
adrenoceptor 

0.25 agonist 0.162534 

2 tectorigenin M3 >200 antagonist 0.0044075 
20 aristofone M3 >200 antagonist undetected 

The superscript letter a in column four indicates that the EC50/IC50 value 
measured using the DMR technique comes from literatures. 

Fig. 4. Characteristics of the real-time DMR signals induced by representative compounds. (A) The DMR responses of licochalcone B in HT-29 cells. (B) The DMR 
responses of atractyline in CHO-CB2 cells. (C) The DMR responses of histamine after A431 cells were pretreated with shogaol. (D) The DMR responses of bradykinin 
after A549 cells were pretreated with alisol A. (E) The DMR responses of ephedrine in A431 cells. (F) The DMR responses of acetylcholine after HEK293-M3 cells were 
pretreated with aristofone. The data represent mean ± s.d. from two independent measurements, each in triplicate (n = 6). 
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active compounds in LCDD here targeted all of the six GPCRs involved in 
suppression of inflammatory, immunity regulation and relaxation of 
airway smooth muscle. These results suggested that LCDD could be used 
as a promising formula to intervene in the pathological process of 
COVID-19. 

4. Discussion 

TCM has played an important role in the prevention and treatment of 
several pandemics in history. Clinical results have demonstrated the 
efficacy of TCMs in the treatment of COVID-19. LCDD is considered as a 
“universal prescription” that was recommended for COVID-19. How
ever, its mechanism and active components remain unknown. In this 
study, we used a label-free integrative pharmacology method to identify 
the target and pathway mechanisms of active components of LCDD. As a 
number of COVID-19 patients showed high levels of pro-inflammatory 
cytokines such as IL-1, IL-6 and TNF-α, it was proposed that down- 
regulation of inflammatory responses may improve outcome. 
Numerous reports have suggested a possible therapeutic role of antag
onists to cytokines in the treatment of COVID-19, while some studies 
explored GPCRs as therapeutic targets against COVID-19. GPCRs are 
involved in most physiological processes in mammals, including in
flammatory responses. Growing evidence demonstrated that H1 antag
onists may be effective in suppressing inflammation caused by the SARS- 
CoV-2 infection (Qu et al., 2021). CB2 activation may have therapeutic 
benefit in treating COVID-19 by limiting inflammatory cytokine release 
(Rossi et al., 2020). B2 receptors are also possible targets for COVID-19 
for regulating inflammatory responses (Kaplan and Ghebrehiwet, 2021). 
The SARS-CoV-2 infection induced airway hyperresponsiveness and 

thus raised the possibility of dyspnoea and respiratory failure in severe 
COVID-19 patients (De Virgiliis and Di Giovanni, 2020). M3 antagonists 
could limit bronchoconstriction and vasodilation and limit the inflam
matory response (Patel et al., 2017). For these reasons, we screened 
active component of LCDD against six GPCRs related to inflammation, 
immunity and respiration, including GPR35, H1, CB2, B2, M3 and 
β2-adrenoceptor. 

A significant finding is that licochalcone B and isoliquiritigenin both 
from Glycyrrhizae Radix showed dual activity against GPR35 and B2 
receptors, and tectorigenin from Belamcandae Rhizoma showed dual 
activity against GPR35 and M3 receptor. Previous reports indicated that 
licochalcone B and isoliquiritigenin played an indispensable role in the 
potent anti-inflammatory effect of Glycyrrhiza uralensis Fisch. (Fur
usawa et al., 2009; Zhu et al., 2019). In addition, tectorigenin which is 
an effective component derived from Belamcanda chinensis, has 
attracted considerable interest because of its anti-inflammatory activity 
(Ha le et al., 2013; Pan et al., 2008). However, their targets for 
anti-inflammatory activity were not clear. Our findings provide a target 
mechanism for explaining the anti-inflammatory effect of these active 
components. This multi-target feature of the single compound may 
produce a synergistic effect in the treatment of COVID-19. 

A single targeted drug may be not suitable to cure a complex disease, 
such as COVID-19. TCM has a good potential to complement the medical 
treatment for COVID-19. This may partly because of its multi- 
component and multi-target effects. We explored the mechanism of 
LCDD against COVID-19 by pharmacology and combination strategy. A 
double-weighted network pharmacology, taking into account of the 
content weight and potency value of active compounds, was established 
for the first time. Previous studies have explained the treatment mech
anism of LCDD through the target network model, established by pre
dicting and collecting the targets of compounds (Chen et al., 2020; Yang 
et al., 2020; Zhao, J. et al., 2020). The network constructed in this study 
is entirely based on the results of experimental tests. It may be helpful 
for us to understand the actual mechanism of LCDD, especially the 
mechanism of GPCRs related to inflammation, immunity and 
respiration. 

From the herb-compound-target networks, Ephedrae Herba and 
Glycyrrhizae Radix were considered to be very important in the treat
ment of COVID-19. It had been reported that Glycyrrhizae Radix was the 
most frequently used in prescriptions for the treatment of respiratory 
disease (Fu et al., 2013). The prescriptions for treatment of dyspnoea 
often is a combination of Herba ephedrae and Glycyrrhizae Radix (Fu 
et al., 2013). Interestingly, as a fundamental part of LCDD, Maxing 
Shigan Decoction which is recommended as a basic prescription and 
applied widely in the clinical treatment of COVID-19 also consists of 
Herba Ephedrae and Radix Glycyrrhizae. Our research also confirmed 
the importance of Ephedrae Herba and Glycyrrhizae Radix from the 

Fig. 5. Effects of pathway inhibitors FHPI (20 μM), LY294002 (20 μM), U73122 (20 μM), thapsigargin (10 μM), SP600125 (10 μM), AG-490 (50 μM), PD98059 (10 
μM) or control on DMR induced by licochalcone B (A), ephedrine (B). The data represent mean ± s.d. from two independent measurements, each in triplicate (n = 6). 
*, P < 0.05 versus control; **, P < 0.01 versus control; ***, P < 0.001 versus control, t-test. 

Fig. 6. Extracted ion chromatogram of Lung Cleansing and Detoxi
fying Decoction. 
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molecular mechanism level. Not only in Maxing Shigan Decoction, the 
active ingredients targeting GPCRs were also present in all four formulas 
of LCDD. As a combination recipe, LCDD completely exert the efficacy of 
being a multi-component and multi-target medicine. Though we 
discovered 20 potential active ingredients, this work is subject to a few 
limitations that should be noticed. First, further research would be 
required for the synergistic effects and metabolism of the active com
pounds in vivo. Second, due to the complexity of the human body and 
limited biotargets tested in this work, we only partially explained the 
therapeutic mechanism of LCDD, and more therapeutic targets should be 
included so as to explain the mechanism of action from a more holistic 
perspective. Despite the limitations, findings of this study provided new 

ideas and evidence for further researches on the treatment of COVID-19 
using LCDD. 

The label-free DMR technology has broad signaling-pathway 
coverage (Rocheville et al., 2013), facilitating studies of multiple 
types of signaling pathways, and has the advantage in deconvoluting the 
signaling pathways of endogenous GPCRs. Here, we dissected the 
signaling pathways of GPR35 in HT-29 cells and β2-adrenocennptor in 
A431 cells. Previous studies have shown that GPR35 is a Gi and G16 
coupled receptor (Taniguchi et al., 2008). The β2-adrenoceptor is a 
prototypic Gs-coupled receptor (Ferrie et al., 2014). We showed that the 
activation of GPR35 by licochalcone B primarily triggered PI3K, MEK, 
JNK pathway, EGFR transactivation, and Gq-PLC-Ca2+ is basically not 
activated. The activation of ephedrine on β2-adrenoceptor primarily 
mediated MEK and Ca2+ pathways. Currently, the identified signaling 
pathways are relatively upstream, and more studies are needed to 
establish a complete signaling pathway for the regulation of inflam
mation and dyspnoea caused by the SARS-CoV-2 infection. 

5. Conclusions 

In this study, the targets and pathways of LCDD were deconvoluted 
using a label-free integrative pharmacology method. 144 compounds 
from LCDD were profiled against six inflammatory-, immunity- and 
respiratory-related GPCRs. Twenty active compounds were identified 
for each target. Moreover, their potency and content in LCDD were 
determined, and the signaling pathways of licochalcone B and ephedrine 
were dissected. It is worth noting that a content and potency value of 
active compounds was both considered in the construction of the 
experiment-based herb-compound-target network for COVID-19. This 
study showed that LCDD had a protection effect on COVID-19 by regu
lating a panel of GPCRs and was helpful for elucidating its actual ther
apeutic mechanism. These results indicated that the effective treatment 

Fig. 7. The herb-compound-target network. Black rectangle: Lung Cleansing and Detoxifying Decoction (LCDD); orange rectangle: herb; blue rectangle: active 
compound; pink rectangle: target; purple rectangle: disease. Note: although atractyline, shogaol and aristofone were not detected by HPLC-MS/MS, they were 
represented by a very thin line. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 8. The enriched herb-compound-target network of respiratory disease 
related nodes. 
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of LCDD for COVID-19 may be through a holistic treatment of multi- 
components acting on multi-targets. Our research provides an experi
mental basis and research ideas for further discovery of TCM formula 
and botanical drug for the treatment of COVID-19. 
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GPCR G-protein coupled receptor 
H1 histamine receptor 1 
CB2 cannabinoid receptor 2 
B2 bradykinin receptor 2 
M3 muscarinic receptor 3 
COPD chronic obstructive pulmonary disease 
DMR dynamic mass redistribution 
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